Kim, Sung-A. 2008. Exceptional Tone Spreading and F0 Peak Alignment. Linguistic Research 25(1), 1-23. The paper seeks to conduct a phonetic assessment of exceptional tone spreading by comparing tone spreading cases in Yoruba, Yao, and South Kyeongsang Korean. The tone alternations in the three languages have been analyzed as a rightward tone spreading in previous studies. A major finding in the present study is the asymmetric behavior of high tones in the languages: Unlike the tone alternation in Yoruba, those in Yao and South Kyeongsang Korean deserve an account in terms of phonetic implementation of high tone rather than phonological analysis of tone spreading with exceptional conditions. In the experiments, native speakers'speech data were pitch tracked and measurement was conducted on fundamental frequency (f0 henceforth) of pitch peak and on the time points of offset and onset of tone bearing syllables. A regression model revealed that there were no significant differences between non-spreading and spreading contexts with regard to the prediction of the location of f0 peak in Yao and South Kyeongsang Korean, while there was a significant difference in the case of Yoruba. The result evidences the claim that there is no spreading in Yao and South Kyeongsang Korean. The phenomenon previously considered as a phonological spreading in the two languages may result from f0 peak lagging. (Kyung Hee University)
Introduction
The alignment of fundamental frequency contour with other units in speech is an important issue not only for modeling f0 contour in speech analysis, but also for theoretical understanding of tone and intonation systems. The studies on the f0-syllable alignment have been investigated by two lines of researchers from different perspectives. The first line of research has been conducted in tone studies within a framework of theoretical linguistics. Tones can be spread, shifted, or copied, all involving changes of alignment of tones with their host units (Hyman and Schuh 1974, Schuh 1978) . Major portions of metrical and autosegmental phonology of tone / accent languages are devoted to various complex tone-syllable alignment issues. The f0-syllable alignment has been formalized by resorting to the notion of 'association lines' in autosegmental phonology (Goldsmith 1979 (Goldsmith , 1990 , among others).
The second line of research has been mainly conducted in the field of phonetics. It concerns physical aspects of alignment of f0 contour with the segmental units in speech. For example, Bruce (1977) found that f0 realizations in Swedish are characterized by the relative stability of certain tonal targets. However, the review of these tone/accent studies displays a general lack of communications on either part. The paper tries to fill this gap by investigating one of the most common tone alternations: tone spread.
Tone spread is described as a phonological process whereby "a tone moves beyond its original segmental domain to replace or displace the tone of the following syllable or syllables" (Schuh, 1978: 231) . In autosegmental phonology, the tone spread is formalized as the process in which two tone-bearing units share the same tone, as schematically shown in (1) .
(1) Phonological analysis of tone spreading T σ σ
Recent works on f0 henceforth realization cast a doubt about the nature of the phonological analysis of tone spreading. It is agreed that f0 peak corresponding to high tone tends to be delayed till the later part of the tone-bearing unit or the onset of the next syllable (Silverman and Pierrehumbert 1990 , Prieto et al 1995 , Arvaniti et al 1998 , 2000 , Kim 1999 , among others) because of a sluggish cessation of f0 movement (Ohala 1978 , Fujisaki 1988 . Furthermore, phonetic studies on implementation of tones have shown that only a single peak is found in the context of tone spreading (Xu and Wang 1997, Kim 1998 ). Findings of the phonetic studies raise a serious question of how tone spread is distinguished from f0 peak lagging described above. Will the f0 peak lagging and the tone spreading be isomorphic in nature? This issue has not been seriously addressed before, simply assuming that phonological spreading would be realized by f0 plateau laid upon two tone-bearing units at the phonetic implementation level (Pierrehumbert and Beckman 1988) . This paper attempts to answer this question and Exceptional Tone Spreading and F0 Peak Alignment 3 proposes a phonetic assessment for the facts previously described as tone spreading in three unrelated languages: Yoruba, Yao, and South Kyeongsang Korean.
The remainder of the paper is organized as follows: Facts of the tone alternation in Yoruba, Yao, and South Kyeongsang Korean are introduced in section 2. A brief sketch of the previous literature on f0 peak realization will be presented in section 3.
The experimental method and the result will be addressed in sections 4 and 5, respectively. Implications of this study will be discussed in section 5 as well.
Tone Alternatin in Yoruba, Yao, and Kyeongsang Korean
Yoruba has a three-tone system, which is composed of high, mid, and low tones.
Among the three tones, mid tone is phonologically inert in the sense that it does not interact with adjacent high or low tones. It is not subject to tone spreading rules (Pulleyblank 1988 , Laniran 1992 In (2a), high tone on the first syllable spreads to the next low-toned syllable and the second syllable bears a contour tone. On the other hand, such a contour tone does not occur where the high tone is followed by a mid tone, as shown in (2b). The tone alternation described above occurs regardless of the position in which the high tone occurs in a phrase.
The tone alternation in Yao, a Malawian language with high and low tones, differs from the tone alternation in Yoruba in the sense that it is position-sensitive. In this language, low tones are assumed to be phonologically inert and thus low tones do not play a role in tone patterns. It is a high tone that spreads and deletes. In Yao, high tones generally spread forward one syllable as in (3a) and (3c), but not onto or within the phrase-penultimate vowels as in (3b) and (3d). High-toned vowels created by tone spread are underscored in (3).
(3) a. nga-ni-ju-teléká cilo 'he did not cook at night' b. nga-ni-ju-teléka 'he did not cook' c. nga-ni-juvaláánga cilo 'he did not count at night' d. nga-ni-ju-valáanga 'he did not count' Mtenje (1993) formulates the position-sensitive tone spread rule for the data in (3) as tone doubling and penultimate fall as depicted in (4) and (5) (4) a. Tone-doubling: H V1 V2 (Condition: V2 is not in a phrased final foot) (Kim C-K 1970 , Park 1980 , Moon H-G 1974 still argue that South Kyeongsang dialect is a remnant of Middle Korean and preserves three distinct tones (H, M, L) or a rising tones (H, L, R) (Chung 1963) . 2) Others claim that South Kyeongsang dialect has two way contrasts (Moon G-S 1986 , Park 1979 , Kim S-A 2005 . More importantly, there is an observational discrepancy in the tones of words in (5). They are sometimes described as a sequence of HM (Kim C-K 1970) Kyeongsang Korean be a pitch accent dialect with two tones. From the theory internal perspective, the distinction between L and M is hard to justify as both L and M play autosegmental phonology. Yet, he provided similar data and the data were confirmed in Kim S-A (2005) . 2) R refers to a rising tone. The tonal differences between more (HL) 'sand' and more (RH) 'the day after tomorrow' have been used to support the presence of the rising tone in South Kyeongsang Korea. Yet, it appears that the tonal difference between the two words may stem from the vowel length in the first syllable of each word. Obviously, the first vowel in more (RH) is longer than that in more (HL) (Chung 1963). no active role in tone alternation.
Departing from the 3-way contrast hypothesis, this paper is based on the idea that South Kyeongsang Korean have two-way tonal contrast. Given the two-way contrast account, whether the high tone on the root spreads onto the next syllable or not is lexically determined. Some roots allow their high tones on the root syllable to be doubly linked by the following single syllable and others don't. It is a matter of lexical specification.
Before moving on to the next section, let us briefly discuss a problem of the spreading analyses for Yao and South Kyeongsnag Korean. The problem in the phonological spreading analysis in Yao arises from the special reference to the phrase-final element.
According to the phonological analysis, the spreading rule must refer to three syllables ahead before tone-spreading takes place. It makes this rule typologically peculiar in the sense that local tone spreading is triggered by an element at the end of a phrase and by counting the syllables from the end of the phrase. This pattern leads to a violation of the locality condition, an otherwise well motivated generalization. Phonological rules are usually assumed to be subject to conditions of locality where the trigger and the target should be structurally adjacent to each other (McCarthy and Prince 1986, Odden 1994 ). The tone-spread as described is a violation of this well-motivated constraint.
Another type of typological peculiarity is found in South Kyeongsang Korean. In addition to its disagreeing tonal descriptions, the presence of two different types of high tones in a single language is cross-linguistically extremely rare. Splitting high tones into two subtypes of high tones may satisfy the observational adequacy, 3) and yet it is still hard to find such a case in other tone languages.
The summary of tone alternations in the three languages is tabulated in (7). In Yoruba, high tone spreading is assumed to occur in high-low context (henceforth, HL context), but not in high high-mid context (henceforth, HM context). In Yao, high tone spreading is supposed to occur in pre-penult positions but not in penult positions. In South Kyeonsang Korean, one type of high tone is supposed to spread to the next syllables, while the other isn't.
3) To our knowledge, Sukuma, a Bantu language spoken in Tanzania, is reported to be the only language with two sub-types of high tones (Matondo 2002 We explore an instrumental analysis of the facts previously described as tone spread, which suggests another description of the facts and another analysis. This ultimately proposes that the exceptional tone alternations in the languages in concern are not tone spreading, but by-products of f0 peak alignment.
Theoretical Background: F0 Peak Lagging
Compared to the unusualness of the phonological analysis in Yao given in section 2, the position-sensitive processes are not typologically unusual, from the perspective of phonetic timing of f0 peak. A number of studies on the phonetic realization of accent and tone have found that phonetic prominence, specifically pitch prominence, may not always align with the accented or tone-bearing syllable (Steele 1986, Silverman and Pierrehumbert 1990 for English, Prieto et al. 1995 for Mexican Spanish, Liberman et al. 1993 for Igbo, and Liberman 1996 for Yoruba).
Also, it has already been well established that the f0 lagging does not occur where the syllable is close to a prosodic phrase edge. Steele (1986) and Silverman and Pierrehumbert (1990) show that two factors, rhyme duration and upcoming prosodic contexts, are the main source of peak location variation in English. That is, when a vowel is lengthened because of slow speech, the f0 peak is correspondingly delayed.
Given an identical phrase position, there is a positive correlation between vowel duration and f0 peak lagging relative to the vowel onset. In contrast to this, the f0 peak is aligned early in the syllable where the syllable is close to a prosodic edge in English. Prieto et al. (1995) report a similar result for Mexican Spanish. In addition, they observe that the same finding is obtained when f0 peak lagging is measured relative to accented syllable onset as well as vowel / rhyme onset. 4) Of particular interest is the lack of correlation between the syllable duration and distance between syllable offset and f0 peak (offset-to-f0 peak) in Chichewa. This means that offset-to-f0 peak does not systematically vary with any consistency. In other words, the f0 peak simply stays close to the syllable offset. The high correlation between f0 peak relative to the tone-bearing syllable onset and the syllable duration indicates that the f0 peak is moving closely with the syllable offset. Let us call this pattern 'f0 peak lagging.' As Ohala (1978) and Fujisaki (1988) argue, the f0 peak lagging appears to be due to a function of sluggish cessation of an f0 movement. In other words, f0 is a function of the strain of the muscles such as cricothyroid and sternohyhoid, mass of the thyroid cartilages and stiffness of the cricothyroid joint. Even if the neural commands for producing a pitch target is issued simultaneously with those for producing the syllable that carries it, the pitch target would be attained more slowly than the segmental targets. Therefore, it is possible that f0 peak is realized at the following syllable.
The peak lagging pattern in f0 represents a regular timing relation between the laryngeal gesture that leads to the f0 peak and landmarks in the syllable (syllable onset, syllable offset). Since the ground breaking work of Bruce (1977) on Swedish, it has been known that at least some f0 patterns are characterized by relative phonetic stability of certain tonal targets. Bruce finds that the local f0 peak corresponding to Swedish word accent is constantly aligned with the segmental material and the f0 value is constant across multiple repetitions of the same utterance by the same speaker.
Bruce interprets this to mean that, for the Swedish accentual distinction, "reaching a certain pitch level at a particular point in time is the important thing, not the movement (rise or fall) itself (1977:132) ." The same kind of stability is observed elsewhere as well. For instance, Huffman (1993) shows that syllable landmarks are important in the timing of velar gestures. The regular and proportional timing between gestures of different articulators is also founded in the works within the framework of task dynamics (Tuller and Kelso 1984, Browman and Goldstein 1990 among others).
4) Kim S-A (1998) reveals that the distance from syllable onset and f0 peak highly correlates with the duration of tone-bearing syllables in Chichewa. Of particular interest is the lack of correlation between the syllable duration and distance between syllable offset and f0 peak (offset-to-f0 peak) in Chichewa.
Eeperimental Design
The experiment was designed to compare the f0 alignment of the so-called spreading case with the non-spreading case in each language. Consider the sentences in (8) A crucial difference between spreading and non-spreading cases is whether there is a tone target at the syllable next to the underlying high tone-bearing syllable. As shown at (9), the so-called spreading case is characterized by the existence of an additional tone target. In order to test the prediction born out of the phonological analysis of tone spreading, we compared the f0 peak alignment in the two target words in (8).
If there is a tone spread in pre-penult positions, then we would find f0 peak is timed with the syllable following the high tone-bearing syllable, while the f0 peak is timed with the high tone-bearing syllable itself, if there is no tone spread.
The same reasoning applies to the tone spreading case in Yao. For Yao, the following corpus in (10) was used in the experiment. Notice that the sentences in (10) have multiple high tones. Among those, the second high tone underlined in each sentence is the main concern here. It is the second high tone that is located in the phrase-final foot in (10b) but not in (10a). For the sake of convenience, let us call the second high tones in (10a) and (10b) the pre-penult and penult tones respectively. It should be noted that the pre-penult and the penult tone-bearing vowels are identical (i.e., a) to control the intrinsic f0 of vowels. In the same context with the experiments in Yoruba and Yao, a similar reasoning is applied to South Kyeongsang Korean. We investigate whether there is any reliable f0
timing difference between the non-spreading H (i.e., a uniquely linked H) and the spreading H (i.e., a doubly linked H). H in the non-spreading case is expected to be timed with the first syllable, while the H in the spreading case is predicted to reveal different timing relationship. Eight target words, listed in (11) were inserted in the carrier sentences: _______ masista "_______ is delicious." And _______ masisna "________" Is________ delicious?" In the experiments, a male Yao speaker and a female Yoruba speaker and 7 South Kyeongsang Korean speakers participated at the recording. 5) The speakers uttered the sentence in (8), (10) and (11) respectively. To induce a broad range of f0 values and syllable duration, the speakers were asked to vary loudness and speech rate. There were three conditions with respect to loudness as used in Liberman et al. (1993) . A total of 576 tokens (1 speaker × 2 sentence types × 3 loudness levels × 2 speech rates × 2 target words × 24 repetitions＝576) was obtained for Yao. Because of lesser number of repetitions (5 repetitions), a total of 120 tokens was obtained for Yoruba.
For South Kyeongsang Korean, relatively greater number of speakers (i.e., 7 speakers) participated in the experiment. They were all born and grew up in Busan and the vicinities of Busan. They were in their 20's and 30's and nobody reported any hearing or speaking problems. All speakers were not aware of the purpose of the experiment and they participated in the recording session as a part of their academic activities. The recording was made in a quiet room at D University in Korea. As in the case of experiment for Yoruba and Yao, they were asked to produce stimuli in two different speech rates (normal and fast) and in three loudness conditions. Each speaker had 6 repetitions of 8 target words. The stimuli were randomly presented in Korean on a portable computer in a timed Powerpoint presentation. There were 12 conditions (2 speech rates × 3 types of loudness × 2 sentence types) and 6 repetitions for each condition, yielding 576 tokens per speaker. A total of 4032 tokens were collected in the experiment. The speech signal recorded on a digital audio tape-recorder was digitized at a sampling rate of 22 kHz and segmented from waveform and spectrogram display, using PCQuirerer (Scicon R&D Inc).Pitch tracking samples are displayed in figures 1 and 2.
5) For Yao and Yoruba, only one speaker could participate in the experiment. The Yao speaker was in his twenties and the Yoruba speaker was in the thirties. The recording was conducted in quiet rooms at the University of Arizona and the University of Texas at Austin respectively. We acknowledge that the small number of speakers can be a limit of the present study. Figure 1 indicates the time point of f0 peak of the target root and the one in Figure 2 the time point of f0 peak of múl.
The following measurements were taken on the target words in spreading and non-spreading cases in each language. The following hypotheses are tested in the study. If they are rejected, then it can be said that tone spreading analysis is not confirmed in each language.
(13) The Hypotheses:
a. In Yoruba, there is a difference in the timing of f0 peak between HL (i.e., spreading) and HM (i.e., non-spreading) contexts: the temporal locations of the f0 peak are determined by reference to both tone-bearing and target syllables in HL contexts but not in HM contexts.
b. In Yao, there is a difference in the timing of f0 peak between pre-penult (i.e., spreading) and penult (i.e., non-spreading) contexts: the temporal locations of the f0 peak are determined by reference to both tone-bearing and target syllables in pre-penult positions but not in penult positions.
c. In South Kyeonsang Korean, there is a difference in the timing of f0 peak between doubly linked H and uniquely linked H contexts: the temporal locations of the f0 peak are determined by reference to both tone-bearing and target syllables in doubly linked H contexts but not in uniquely linked H contexts.
In order to test these hypotheses, we compared regression models for the prediction of f0 peak location. The relevant variables used in the regression analysis are given in (14): (14) Variables a. Peak: Temporal distance between f0 peak and the onset of the tone-bearing syllable.
b. T-Syllable duration: Duration of the tone-bearing syllable.
c. N-syllable duration: Duration of the syllable following the tone-bearing syllable.
F0 peak relative to the onset of the tone-bearing syllable in (14a) is the dependent variable and the syllable durations in (14b) and (14c) are the independent variables in the regression analysis.
Experimental Results and Discussions

Yoruba
First, let us discuss the results of Yoruba. With regard to the f0 peak in pitch tracks, only a single f0 peak is observed in both HM and HL contexts. There was no f0 plateau laid upon the two syllables in general. The f0 peak is delayed on to the syllable following the high tone-bearing syllable. As a result, the longer the high-toned syllable, the more f0 peak is delayed. At first glance, it appears that there is no difference in f0 timing between the HL context (i.e., spreading case) and HM context (i.e., non-spreading cases) with regard to the f0 peak alignment. A close examination, however, reveals that the two contexts differ from each other in the syllable with which the f0peak has a constant relation. Consider the table in (15) where the results of simple regression models in HM context are summarized. The one in (15a) indicates the regression model where the peak is assumed to be timed with the tone-bearing syllable itself, while the one in (15b) represents the regression model where the peak is supposed to be timed with the syllable next to the tone-bearing syllable. We can compare models using relative measures of goodness of fit. One of such measures is the Pearson R 2 values, which are indicated in the second column in the table. For example, the R 2 value of 0.68 indicates that the model accounts for 68% of the variation in the data.
In the table, the equation with significant R 2 value is indicated by ☞. In the table in (15), higher R 2 value in (15a) indicates that f0 peak is timed with the tone-bearing syllable in non-spreading context. The extremely low R 2 value in (15b)
shows that the f0 peak has almost no relation with the syllable following the tone-bearing syllable.
In the spreading context, however, the opposite result is obtained, as shown in (16).
The equation in (16b) shows the result of the case where the f0 peak is assumed to be timed with the next syllable in the spreading context. That equation model has higher R 2 value than the one in (16a). This means that the temporal location of f0 peak is best predicted by reference to both the tone-bearing syllable and the syllable next to the tone-bearing syllable in spreading cases. If we compare the tables in (15) and (16), it is clear that there is an asymmetry between HM and HL contexts. In non-spreading context, f0 peak has a constant relation with the high tone-bearing syllable itself. On the other hand, in spreading context, it is timed both with the tone-bearing syllable and the syllable next to the tone-bearing syllable. In short, both syllables play roles in determining location of f0 peak.
To sum up, the hypothesis in (13a) is accepted as they display a difference in f0
timing between spreading and non-spreading cases. Indeed, the temporal locations of the f0 peak are determined by reference to both syllables (i.e., tone-bearing syllable and the following syllable) in spreading context but not in non-spreading context.
Yao
In the previous section, Yoruba results show that there is a clear difference in f0 timing between spreading and non-spreading cases. In comparison, Yao results show that there is no difference in f0 timing between spreading and non-spreading cases. F0
peak is timed with the high tone-bearing syllable in both cases in Yao. The table in (17) shows two regression models in pre-penult positions whereas the one in (18) contains two regression models in penult positions. It should be noted that regression equations in (17a) and (18a) have higher R 2 values than the ones in (17b) and (18b), which suggests that f0 peak is only determined by the tone-bearing syllable itself regardless of the phrase position. If there is an articulatory target on the syllable next to the tone-bearing syllable, the target syllable itself is expect to play a role in predicting the location of f0 peak as observed in Yoruba. In fact, it is not the case in Yao.
(17) Regression models for the prediction of f0 peak location Put differently, if there is a tone spreading only in penult positions as suggested by the phonological rules of tone spreading, then it is predicted that f0 peak in pre-penult positions has most constant relation with the syllable next to high tone-bearing syllable, as we found in Yoruba cases. Notice that the R 2 value in the N-syllable based model (i.e., equations in 17b and 18b) is much lower than the one in the T-syllable based model (i.e., equations in 17a and 18a). In both pre-penult positions, it is the target syllables' duration that shows a better fit to indicate the location of f0 peak. In other words, when the peak lagging is plotted against the duration of the high tone-bearing syllable, the tone-bearing syllable is a better indicator for the location of f0 peak. Therefore, the hypothesis in (13b) is rejected. We will discuss the full significance of this result after we present the South Kyeongsang Korean result. For the time being, let us point out the fact that Yao does not pattern together with Yoruba.
South Kyengsang Korean
In order to normalize variations across the multiple speakers for the experiment in South Kyeongsang Korean, we calculated the normalized f0 peak lagging shown in 6) F0 peak lagging refers to the temporal distance between the onset of the tone-bearing syllable and f0 peak.
The normalized f0 peak lagging enables us to remove the speaker variations as the f0 peak lagging is normalized by the duration of the tone-bearing syllable per speaker.
Speakers may have different speech rates and inherent segment durations and different f0. Once raw value of f0 peak lagging is relativized by the duration of the tone-bearing syllable, speaker variations are eliminated because the value could range somewhere around 1 regardless of the speaker. If the normalized f0 peak lagging is 1, it indicates that the f0 peak is precisely at the offset of the tone-bearing syllable, while 'greater than 1' signals that the f0 peak is located after the offset of the tone-bearing syllable and 'less than 1' indicates that the peak is before the offset of the tone-bearing syllable. When the data were pooled across the speakers, the normalized f0 peak lagging in both contexts: doubly is shown in figure 3 . Figure3. Normalized f0 peak lagging (pooled across the speakers)
A close look at figure 3 reveals that both contexts have normalized f0 peak lagging greater than 1 in common. In other words, f0 peak tends to be located after the offset of the tone-bearing syllable. Normalized f0 peak lagging in spreading context (i.e., doubly linked H) appears to be slightly greater than the one in non-spreading context (i.e., uniquely linked H):1.36 and 1.12 for spreading and non-spreading contexts respectively. A paired t-test result, however, confirms that the difference was statistically insignificant (p<.05).
As in the cases of Yoruba and Yao, regression equations are acquired for each speaker and they are summarized in (20 In Yoruba, f0 peak in HL context behaved differently from the one in HM sequence.
In HL context, both tone-bearing and the following syllable played roles in determining the location of F0 peak but not in HM context: f0 peak is timed with both tone-bearing and the following syllable in spreading context but not in non-spreading context. This was the asymmetry between the spreading (i.e., HL sequence) and the non-spreading (i.e., HM sequence) contexts. Therefore the experimental results support the phonological analysis of tone spreading in Yoruba.
In contrast to Yoruba, Yao and South Kyeongsang Korean showed no difference in f0 peak timing in both so-called spreading and non-spreading contexts. Regardless of the contexts, it was tone-bearing syllable that explains the distribution of f0 peak. The following syllable hardly played a role. This leads us to cast a strong doubt about the authenticity of the peculiar phonological rules in Yao and categorization of doubly linked H in South Kyeongsang. The experimental results evidence the claim that these seemingly spreading-like phenomena in the two languages do not result from phonological tone spreading. They appear to be instances of f0 peak lagging.
To sum up, the findings of this study are important both empirically and theoretically. Empirically, they provide instrumental data about little studied f0 peak lagging phenomenon in African and Asian tone languages. Theoretically, the experimental results in Yao and South Kyeongsang Korean indicate that the tone alternation in the language deserves a phonetic account rather than a phonological analysis. The phenomenon previously analyzed as a tone spreading turned out not to Exceptional Tone Spreading and F0 Peak Alignment 21 be a phonological process. This shows a clear contrast with Yoruba tone spreading where the tone-bearing syllable rather than the target syllable (i.e., the syllable next to the tone-bearing syllable) has a control over the f0 peak location. A phonetic account of f0 peak lagging may be more appropriate account for the patterns of f0 peak. The phonetic account does not require that Yao be an exception to phonological constraint on locality. Likewise, it enables us to resolve the controversies over the disagreeing observations about the tone patterns in South Kyeongsang Korean have been presented.
More importantly, the contrast between tone alternations in the three languages provides an empirical ground to tease apart phonetic implementation of tone (e.g. tone alternation in Yao and South Kyeongsang Korean) from true phonological rule of tone spreading (e.g. tone alternation in Yoruba).
